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Description 

NON-VOLATILE MEMORY CELL AND 
MANUFACTURING METHOD THEREOF 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a non-volatile memory 

(NVM) cell and a manufacturing method thereof, and more 
particularly, to an erasable NVM cell and a manufacturing 
method thereof. 

[0003] 2. Description of the Prior Art 

[0004] A n nvm is a common device for storing data in an inte- 
grated circuit, with one of its important characteristics 
being that the data stored in the NVM will not disappear 
after power is turned off. Generally speaking, hard disk 
drives, erasable programmable read-only memory 
(EPROM), electrically erasable programmable read-only 
memory (EEPROM), and flash memory can be classified as 
NVM because data stored in these devices is not lost when 



power is turned off. 
[0005] According to the limitation in programming capability, 

NVM can be divided into multi-time programmable (MTP) 
memory and one-time programmable (OTP) memory. MTP 
memory, such as EEPROM or flash memory, is repeatedly 
programmable to update data, and has specific circuits for 
erasing, programming, and reading operations. Unlike 
MTP memory, OTP memory is one-time programmable 
and has circuits for programming and reading operations 
without an erasing circuit, so the circuit for controlling the 
operations of the OTP memory is simpler than the circuit 
for controlling the operations of the MTP memory. In fact, 
in order to expand the practical applications of the OTP 
memory, an erasing method used in EPROM (ultraviolet il- 
lumination) is attempted to erase data stored in OTP 
memory. In addition, a simple circuit is designed to con- 
trol OTP memory and simulate updateable ability like MTP 
memory. 

[0006] Either an MTP memory cell or an OTP memory cell has a 
stacked structure, which is composed of a floating gate 
for storing electric charges, a control gate for controlling 
the charging of the floating gate, and an insulating layer 
(such as an ONO composite layer composed of an oxide 



layer, a silicon nitride layer, and an silicon oxide layer) 
positioned between the floating gate and the control gate. 
Like a capacitor, the memory cell stores electric charges in 
the floating gate to get a different threshold voltage V 
from the memory cell stores no electric charges in the 
floating gate, thus storing binary data such as 0 or 1. 
[0007] Referring to the Fig.l, Fig. 1 is a cross-sectional diagram 
of an NVM cell according to the prior art. As shown in Fig. 
1, an NVM cell includes a substrate 10, a P-well 12 posi- 
tioned in the substrate 10, a stacked structure, which is 
composed of an insulating layer 14, a floating gate 16, an 
insulating layer 18 and a control gate 20, positioned on 
the P-well 12, and an N-type doping region 22 positioned 
in the P-well 12 to surround the stacked structure. The 
floating gate 16 and the control gate 20 are normally 
formed of doped polysilicon. The insulating layer 14 posi- 
tioned beneath the floating gate 16 is functioned as a 
tunneling oxide layer. The insulating layer 18 positioned 
between the floating gate 16 and the control gate 20 is an 
ONO composite layer. In addition, the N-type doping re- 
gion 22 surrounding the floating gate 16 is functioned as 
a drain and a source to control the operation of program- 
ming, erasing or reading the NVM cell. 



[0008] US Patent No. 6,207,507 Bl discloses a multi-level NVM 
cell to provide higher density memories. Please refer to 
Fig. 2 of a cross-sectional diagram of a multi-level NVM 
cell according to the prior art. As shown in Fig. 2, a multi- 
level NVM cell includes a substrate 30, a P-well 32 posi- 
tioned in the substrate 30, an insulating layer 34 and an 
insulating layer 38 positioned on the P-well 32 to insulate 
three adjacent floating gates 36a, 36b, and 36c from one 
another. In addition, the multi-level NVM cell further in- 
cludes an N-type doping region 40, functioning as a 
source and a drain, positioned in the P-well 32 and on ei- 
ther side of the floating gates 36b and 36c. An insulating 
layer 42 is formed to cover the three floating gates 36a, 
36b, and 36c, and cover the N-type doping region 40. A 
control gate 44 is formed on the insulating layer 42. Since 
the multi-level NVM cell has three floating gates 36a, 36b, 
and 36c, it is capable of storing a 2-bit binary signal, such 
as 00, 01, 10 or 11. 

[0009] Normally, the NVM cell uses Fowler Nordheim tunneling 
technique to erase data from the floating gate. During the 
operation of erasing the NVM cell, an electric field of the 
tunneling oxide layer (such as the insulating layer 14 
shown in Fig. 1 or the insulating layers 34, 38 shown in 



Fig. 2) must be at least 10 million volts per centimeter 
(MV/cm). In order to prevent a high voltage from obstruc- 
ting the elements, the thickness of the tunneling oxide 
layer is decreased to between 80 and 120 angstroms (A) 
to achieve the high electric field. Because of the limitation 
in the thickness of the tunneling oxide layer and the dop- 
ing conditions, the manufacturing process of the conven- 
tional NVM cell is currently integrated with the manufac- 
turing process of LV MOS transistors (with a gate oxide 
layer of 70 A) and is not compatible with that of other 

higher operation voltage MOS transistors. 
Summary of Invention 

[0010] it is therefore an object of the claimed invention to pro- 
vide a new NVM cell structure and a manufacturing 
thereof to facilitate the integration of processes for manu- 
facturing an NVM cell with a mixed signal process for 
manufacturing an HV MOS transistor and an LV MOS tran- 
sistor. 

[0011] According to the claimed invention, the NVM cell includes 
a substrate, a first isolation structure positioned in a first 
region on the substrate, a second isolation structure sur- 
rounding a second region on the substrate, a control gate 
positioned on the first isolation structure in the first re- 



gion, a first insulating layer positioned on the control 
gate, a second insulating layer positioned on the portion 
of the substrate in the second region, and a floating gate 
positioned on the first insulating layer and the second in- 
sulating layer. 

[0012] | t j S an advantage of the present invention that the float- 
ing gate is positioned above the control gate, so that the 
control gate is complete followed by combining the man- 
ufacturing processes for forming the tunneling oxide 
layer, the floating gate and the source/drain of the NVM 
cell together with the mixed signal process to facilitate 
simplification and condition control in the manufacturing 
processes. In addition, the control gate is positioned on 
the isolation structure to reduce the substrate leakage 
currents while operating the NVM cell. 

[0013] These and other objects of the claimed invention will be 
apparent to those of ordinary skill in the art after reading 
the following detailed description of the preferred em- 
bodiment that is illustrated in the various figures and 

drawings. 
Brief Description of Drawings 

[0014] pig.l is a cross-sectional diagram of an NVM cell accord- 
ing to the prior art; 



[0015] pig. 2 is a cross-sectional diagram of a multi-level NVM 
cell according to the prior art; 

[0016] pig. 3 is a top view of an NVM cell according to the 
present invention; 

[0017] Fig. 4 is a cross-sectional diagram of the NVM cell shown 
in Fig. 3 along a line A-A'; 

[0018] Fig. 5 is a cross-sectional diagram of the NVM cell shown 
in Fig. 3 along a line B-B'; 

[0019] Fig. 6 is a cross-sectional diagram of the NVM cell shown 
in Fig. 3 along a line C-C; 

[0020] Figs. 7-10 are schematic diagrams of a method of manu- 
facturing an NVM cell according to the present invention; 

[0021] Figs. 11-20 are schematic diagrams of a method of inte- 
grating processes for manufacturing an NVM cell with a 
mixed signal process for manufacturing an HV MOS tran- 
sistor and an LV MOS transistor according to the present 
invention; 

[0022] Fig. 21 is a current-voltage curve of an NVM cell accord- 
ing to the present invention; 

[0023] Fig. 22 is a schematic diagram illustrating a programming 
speed test result of an NVM dell according to the present 
invention; 

[0024] Fig. 23 is a schematic diagram illustrating an endurance 



test result of an NVM cell according to the present inven- 
tion; and 

[0025] pig. 24 lists parameter values suggested to program, 

erase or read an NVM cell according to the present inven- 
tion. 

Detailed Description 

[0026] Referring to Fig. 3, Fig. 3 is a top view of an NVM cell ac- 
cording to the present invention. As shown in Fig. 3, an 
NVM cell includes a first region I and a second region II 
defined on a substrate 50. The first region I is provided 
for forming a stacked structure composed of a control 
gate 52 and a floating gate 54. The floating gate 54 is 
formed above the control gate 52 and includes an open- 
ing 56 therein to expose a portion of the control gate 52. 
The opening 56 is provided for forming a wire to connect 
to the control gate 52. The second region II is provided 
for forming the floating gate 54 above an N-type doping 
region 58, which functions as a source and a drain. 

[0027] it j S appreciated to refer to Figs. 4-6 to realize the NVM 
cell structure. Fig. 4 is a cross-sectional diagram of the 
NVM cell shown in Fig. 3 along a line A-A 1 , Fig. 5 is a 
cross-sectional diagram of the NVM cell shown in Fig. 3 
along a line B-B', and Fig. 6 is a cross-sectional diagram 



of the NVM cell shown in Fig. 3 along a line C-C. As 
shown in Fig. 4, the portion of the NVM cell in the first re- 
gion I includes a P-well 60 positioned in the substrate 50, 
an isolation structure 62 positioned on the P-well 60, and 
a stacked structure, which is composed of the control gate 
52, an insulating layer 64, and the floating gate 54, posi- 
tioned atop the isolation structure 62. In a better embodi- 
ment of the present invention, the substrate 50 is a P- 
type silicon substrate, the insulating layer 64 is an ONO 
(oxide/nitride/oxide) composite layer, the floating gate 52 
and the control gate 54 are formed of doped polysilicon 
or other conductive materials, and the isolation structure 
62 is either a field oxide layer or a shallow trench isolation 
structure. Alternatively, the substrate 50, the P-well 60 
and the N-type doping region 58 can be formed into dif- 
ferent conductive types, depending on the circuit design 
to the NVM cell. Optionally, a deep N-well is formed to 
provide a guard ring surrounding the NVM cell. In addi- 
tion, the insulating layer 64 can be formed of any materi- 
als endurable to high-voltage operations. 
[0028] As shown in Fig. 5, the portion of the NVM cell in the sec- 
ond region II includes an insulating layer 66 positioned 
between the floating gate 54 and the P-well 60, the N- 



type doping region 58 positioned in the P-well 60 and ad- 
jacent to the floating gate 54, and a plurality of isolation 
structures 62 positioned on the P-well 60 to surround the 
N-type doping region 58. The insulating layer 66 is used 
as a tunneling oxide layer, and a preferred thickness of 
the insulating layer 66 is approximately between 90~120 
A. The N-type doping region 58 provides a source and a 
drain of the NVM cell, and defines a channel region be- 
neath the floating gate 54. 

[0029] as shown in Fig. 6, the floating gate 54 of the NVM cell 
covers the insulating layer 64 in the first region I and the 
insulating layer 66 in the second region II. The channel 
region is defined beneath the floating gate 54 and sur- 
rounded by the isolation structures 62. 

[0030] Referring to Fig. 24, Fig. 24 lists parameter values sug- 
gested to program, erase or read an NVM cell according to 
the present invention. As shown in Fig. 24, when perform- 
ing a program operation, a high voltage is supplied to the 
control gate 52 (V >10V), a positive voltage is supplied 

CG 

to the drain 58 (V d =6V), and the source 58 and the sub- 
strate 50 are grounded (V =V = 0). As a result, elec- 

S sub 

trons are injected into the floating gate 54 to change the 
threshold voltage V thereof to 7~9 volts. When perform- 



ing an erase operation, a high voltage is supplied to the 
source 58 (V s =9~10V), the control gate 52 and the sub- 
strate 50 are grounded (V =V =0), and the drain 58 is 

CG sub 

set in a floating condition, such that electrons are re- 
moved from the floating gate 54 to change the threshold 
voltage V thereof to the original value of about 1~2 
volts. When performing a read operation, a voltage rang- 
ing between the original threshold voltage (1~2V) and the 
programmed threshold voltage (7~9V), for example 
2.5~4V, is supplied to the control gate 52, a positive volt- 
age is supplied to the drain 58 (V d =1V), and the source 
58 and the substrate 50 are grounded (V =V =0). 

S sub 

[0031] please refer to Figs. 7-10. Figs. 7-10 are schematic dia- 
grams of a method of manufacturing an NVM cell accord- 
ing to the present invention. As shown in Fig. 7, a sub- 
strate 50, such as a P-type silicon substrate, is provided. 
A doping process is performed to form a P-well 60 in the 
substrate 50. Following that, an insulating layer 68 and a 
mask 70 are formed on the substrate 50, respectively. For 
example, the insulating layer 68 is a pad oxide layer, and 
the mask 70 is a silicon nitride layer. A photolithographic 
and etching process is then performed to define the pat- 
terns of the mask 70 to expose the portion of the insulat- 



ing layer 68 for forming isolation structures. Subse- 
quently, a thermal oxidation method is used to diffuse 
moisture and oxygen into the insulating layer 68 and the 
P-well 60, so as to form the isolation structures 62 and 
drive-in the P-well 60. Following the steps described 
above, the isolation structures 62 are formed as field ox- 
ide layers. Alternatively, the isolation structures 62 can be 
formed as shallow trench isolation structures using con- 
ventional processes. 

[0032] As shown in Fig. 8, the mask 70 and the insulating layer 
68 are removed, and another insulating layer 72, such as 
a sacrificial oxide layer, is formed on the substrate 50. A 
preferred thickness of the insulating layer 72 is approxi- 
mately between 300~500 A. Following that, a doped 
polysilicon layer (not shown) is deposited on the substrate 
50. Using the insulating layer 72 as an etching stop layer, 
a photolithographic and etching process is performed to 
remove portions of the doped polysilicon layer and define 
the patterns of a control gate 52 as well. 

[0033] As shown in Fig. 9, an insulating layer 64 is formed on the 
control gate 52. In a better embodiment of the present in- 
vention, the insulating layer 64 is an ONO composite layer 
formed following the steps of: performing a thermal oxi- 



dation process to form an oxide layer with a thickness of 
50~150 A as a bottom oxide layer on the substrate 50; 
performing a low-pressure chemical vapor deposition 
(LPCVD) to deposit a silicon nitride layer with a thickness 
of 200~350 A on the bottom oxide layer; performing an 
annealing process under a high temperature of 950°C for 
a duration of 30 minutes to repair the structure of the sil- 
icon nitride layer, and simultaneously, introducing water 
steam to perform a wet oxidation process to form a sili- 
con oxide layer with a thickness of 50~70 A as a top oxide 
layer; and performing a photolithographic and etching 
process to define the patterns of the insulating layer 64. 
[0034] After removal of the insulating layer 72, still referring to 
Fig. 9, another insulating layer 66, functioning as a tun- 
neling oxide layer, and a doped polysilicon layer 74 are 
formed on the entire substrate 50. As shown in Fig. 10, a 
photolithographic and etching process is then performed 
to remove portions of the doped polysilicon layer 74 and 
define the patterns of a floating gate 54, as is also shown 
in Fig. 3. Following that, a spacer 76 is formed on either 
side of the floating gate 54, and a doping process is used 
to form an N-type doping region 58, functioning as a 
source and a drain, in the P-well 60 and adjacent to the 



floating gate 54, thus completing the fabrication of the 
NVM cell. 

[0035] Referring to Figs. 11-20, Figs. 11-20 are schematic dia- 
grams of a method of integrating processes for manufac- 
turing an NVM cell with a mixed signal process for manu- 
facturing an HV MOS transistor and an LV MOS transistor 
according to the present invention. As shown in Fig. 11, a 
substrate 100, such as a P-type silicon substrate, includes 
an NVM cell region for forming an NVM cell, a high- 
voltage region HV for forming an HV MOS transistor, and a 
low-voltage region LV for forming an LV MOS transistor. 
The method forms a pad oxide layer (not shown) on the 
substrate 100 followed by performing a blanket implanta- 
tion process to form an N-well 102 in the LV region, an 
N-well 104 in the HV region, and an N-well (not shown) in 
the NVM cell region. Subsequently, a silicon nitride layer 
106 with a thickness of approximate 1000 A is deposited 
on the substrate 100 and then etched back to form a plu- 
rality of openings therein, so as to define regions for 
forming isolation structures (and define active regions). A 
doping process is then performed using P-type dopants 
to form a P-well 108 in the NVM cell region, a P-well 110 
in the LV region, and a P-well 112 in the HV region. Using 



the silicon nitride layer 106 as a mask, a thermal oxida- 
tion process is performed to form a plurality of isolation 
structures 114 and drive-in the N-well 102, 104, and the 
P-well 108, 110, and 112 as well. In a better embodiment 
of the present invention, a thickness of the isolation 
structures 114 is approximate 4000~6000 A. The isola- 
tion structures 114 are either formed as field oxide layers 
following the steps described above, or formed as shallow 
trench isolation structures using conventional processes. 

[0036] As shown in Fig. 12, the mask 106 is removed, and an- 
other insulating layer 116, such as a sacrificial oxide 
layer, is formed on the substrate 100. A preferred thick- 
ness of the insulating layer 116 is approximately between 
300-500 A. Following that, a doped polysilicon layer (not 
shown) is deposited on the substrate 100. Using the insu- 
lating layer 116 as an etching stop layer, a photolitho- 
graphic and etching process is performed to remove por- 
tions of the doped polysilicon layer in the HV region, the 
LV region and the NVM cell region, and define the pat- 
terns of a control gate 118 on the isolation structure 114 
with the residual of the doped polysilicon layer in the NVM 
cell, as shown in Fig. 13. 

[0037] a s shown in Fig. 14, an insulating layer 120 is formed on 



the control gate 1 18. In a better embodiment of the 
present invention, the insulating layer 120 is an ONO 
composite layer formed following the steps of: performing 
a thermal oxidation process to form an oxide layer with a 
thickness of 50~150 A as a bottom oxide layer on the 
substrate 100; performing an LPCVD method to deposit a 
silicon nitride layer with a thickness of 200~350 A on the 
bottom oxide layer; performing an annealing process un- 
der a high temperature of 950°C for a duration of 30 min- 
utes to repair the structure of the silicon nitride layer, and 
simultaneously, introducing water steam to perform a wet 
oxidation process to form a silicon oxide layer with a 
thickness of 50~70 A as a top oxide layer; and performing 
a photolithographic and etching process to define the 
patterns of the insulating layer 120. 
[0038] After removal of the insulating layer 116, still referring to 
Fig. 14, an insulating layer 122, which forms a gate oxide 
layer of an HV MOS transistor, is formed on the silicon 
substrate 100. A preferred thickness of the insulating 
layer 122 is approximate 300~500 A. As shown in Fig. 15, 
a doping process is performed in the HV region. For ex- 
ample, a channel stop region 124 and/or a guard ring are 
formed beneath the isolation structure 114 and adjacent 



to the edge of the N-well 104; the P-well 112 is doped to 
adjust a threshold voltage of an NMOS transistor and/or 
form an anti-punch through (APT) region in the P-well 
112; and the N-well 104 is doped to adjust a threshold 
voltage of a PMOS transistor. 

[0039] As shown in Fig. 16, another doping process is performed 
in the P-wells 112, 110 and 108. For example, in the HV 
region, a channel stop region 126 and/or a guard ring are 
formed beneath the isolation structure 114 and adjacent 
to the edge of the P-well 112; in the LV region, a channel 
stop region 128 and/or an anti-punch through region are 
formed in the P-well 110; and in the NVM cell region, a 
channel stop region and/or an anti-punch through region 
are formed in the P-well 108. In addition, a doping pro- 
cess is performed to adjust threshold voltages in the LV 
region and the NVM cell region. Following that, portions 
of the insulating layer 122 in the LV region and the NVM 
cell region is removed to expose the substrate 100 in the 
LV region and the NVM cell region. 

[0040] As shown in Fig. 17, a thermal oxidation or an LPCVD 

process is subsequently used to form an insulating layer 
130, such as an oxide layer, on the entire substrate 100. 
A preferred thickness of the insulating layer 130 is ap- 



proximate 50~70 A. A portion of the insulating layer 130 
in the LV region is then removed to expose the substrate 
100 in the LV region. Another insulating layer 132 with a 
preferred thickness of 60~70 A is formed on the entire 
substrate 100. So far, the insulating layer 132 in the LV 
region has a thickness of 60~70 A, and is used as a gate 
oxide layer of an LV MOS transistor. The insulating layer 
130 in the NVM cell region has an accumulated thickness 
of 95~100 A, and is used as a tunneling oxide layer of an 
NVM cell. The insulating layer 122 in the HV region has an 
accumulated thickness of 450-550 A, and is used as a 
gate oxide layer of an HV MOS transistor. 
[0041] As shown in Fig. 18, a doped polysilicon layer is deposited 
on the entire substrate 100 followed by using a pho- 
tolithographic and etching process to remove portions of 
the doped polysilicon layer, thus defining the patterns of a 
floating gate 134 in the NVM cell region, a plurality of 
gates 136 and 138 in the LV region, and a plurality of 
gates 140 and 142 in the HV region. In addition, a silicide 
layer, such as WSi , is optionally formed on the doped 

X 

polysilicon layer, so as to reduce sheet resistance of the 
gates. In a better embodiment of the present invention, 
the floating gate 134 covers the insulating layers 120, 



130, and has an opening 135 for forming a wire to con- 
nect to the control gate 118 and control the operation of 
the NVM cell. 

[0042] still referring to Fig. 18, a doping process is then per- 
formed in the HV region, so as to form a P-type grade re- 
gion 144 in the N-well 104 adjacent to the gate 140, and 
the P-type grade region 144 is a double diffused drain 
(DDD) of a PMOS transistor. In addition, an N-type grade 
region 146 is formed in the P-well 112 adjacent to the 
gate 142, and the N-type grade region 146 is a double 
diffused drain of an NMOS transistor. Furthermore, at 
least a P-type grade region 144 is formed in the P-well 
112 and at least an N-type grade region 146 is formed in 
the N-well 104, so as to improve the dopant concentra- 
tion distribution in both of the P-well 112 and the N-well 
104. Furthermore, during the doping process in the HV 
region, an N-type grade region 148 is formed in the P- 
well 108 of the NVM cell region (at the drain side), so as 
to increase the breakdown voltage of the source side. 
Subsequently, a silicon oxide layer is deposited on the 
substrate 100 followed by etching a portion of the silicon 
oxide layer, so as to form a spacer 150 on either side of 
the floating gate 134 and the gates 136, 138, 140 and 



142. 

[0043] As shown in Fig. 19, a doping process is performed to 
form a plurality of doping regions. For example, an N- 
type doping region 151 and a P-type doping region 152 
are formed in the NVM cell region. A P-type doping region 
154, an N-type doping region 156, an N-type doping re- 
gion 158, and a P-type doping region 160 are formed in 
the LV region. A P-type doping region 162, an N-type 
doping region 164, an N-type doping region 166, and a 
P-type doping region 168 are formed in the HV region. 
Subsequently, an annealing process is performed to drive- 
in the doping regions. In a better embodiment of the 
present invention, the doping regions 151, 154, 158, 162, 
and 166 are used as source and drains, and the doping 
regions 152, 156, 160, 164, and 168 are used to adjust 
the concentration of the wells 108, 102, 110, 104, and 
112. In addition, depending on the circuit design, the LV 
region and the NVM cell region may be further doped to 
form lightly doped drains (LDD) or pocket doping regions 
therein. 

[0044] Finally, as shown in Fig. 20, an inter-layer dielectric (ILD) 
layer 170 is deposited on the entire substrate 100 and a 
plurality of contact holes are formed in the ILD layer 170, 



thus providing a plurality of wires 172 to connect to the 
gates, sources and drains of the HV MOS transistor, the LV 
MOS transistor, and NVM cell, respectively. 
[0045] Referring to Figs. 21-23, which illustrates test results in 
electrical characteristics of an NVM cell according to the 
present invention. Fig. 21 is a current-voltage curve of an 
NVM cell, and a positive voltage of 9V is supplied on a 
control gate of the NVM cell. As illustrated by the curve in 
Fig. 21, the current Inflowing through the drain decreases 
when the voltage V ds supplied on the drain increases from 
6V to 8V. The decrease in the current I represents that 
parts of the channel hot electrons are injected into a 
floating gate of the NVM cell. Therefore, when program- 
ming the NVM cell, a voltage ranging between 6V and 8V 
is preferred to supply on the drain to achieve a better 
programming efficiency. Fig. 22 is a schematic diagram il- 
lustrating a programming speed test result of an NVM 
dell, and a positive voltage of 12V is supplied on a control 
gate of the NVM cell. As shown in Fig. 22, when program- 
ming the NVM cell, a short time period less than 100ms is 
required to change a threshold voltage of the NVM cell to 
7~9 volts. Fig. 23 is a schematic diagram illustrating an 
endurance test result of an NVM cell according to the 



present invention. In the endurance test, a positive voltage 
of 12V is supplied on a control gate to program the NVM 
cell, and a programming time period is about 50ms. In 
addition, a positive voltage of 9.5V is supplied on a source 
to erase the NVM cell, and an erasing time period is about 
1000ms. As shown in Fig. 23, when applying the NVM in 
an OTP memory cell or an EEPROM cell, a threshold volt- 
age V of the NVM cell maintains 7~9 volts, and a 

th.prog 

threshold voltage V of the NVM cell maintains 1~2 

th.erase 

volts after programming and erasing the NVM cell for over 
twenty times, thus it is capable of providing good en- 
durance. 

[0046] | n contrast to the prior art, the present invention positions 
the floating gate above the control gate, so that the con- 
trol gate is complete followed by combining the manufac- 
turing processes for forming the tunneling oxide layer, 
the floating gate and the source/drain of the NVM cell to- 
gether with the mixed signal process for forming HV MOS 
and LV MOS transistors. In addition, the control gate is 
positioned on the isolation structure according to the 
present invention, thus reducing the substrate leakage 
currents while operating the NVM cell. 

[0047] Those skilled in the art will readily observe that numerous 



modifications and alterations of the device and method 
may be made while retaining the teachings of the inven- 
tion. Accordingly, the above disclosure should be con- 
strued as limited only by the metes and bounds of the ap- 
pended claims. 



